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Sir: 

We, Lachezar KOMITOV, Bertil HELGEE, and Johan FELIX, declare as 
follows: 

1 . We are each over the age of 21 and are competent to make this declaration. 

2. Each of us is a named inventor of U.S. Patent Application Serial No. 
1 0/562,050 ("the present application"). 

3. We are familiar with U.S. Patent No. 6,985,200 (Miyachi et al.), cited in the 
Examiner's final Office action dated July 2, 2008. 

4. In order to show that the invention of claims 1 -4 and 6-1 9 of the present 
application was reduced to practice prior to the earliest U.S. filing date of 
Miyachi et al., we have attached Exhibits 1 to 3. 

5. Exhibit 1 is an extract from laboratory notebooks that record experiments 
conducted by one of us or at our direction that resulted in the synthesis and 
characterization of two different side-chain polymers (polymer BHL 461 has 
the same chemical formula as polymer BHL 444). Polymer BHL 444 
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corresponds to the polymer of formula VI in the present application. Polymer 
BHL 464 corresponds to the polymer of formula XVI of the present 
application. The experiments recorded in these laboratory notebooks were 
carried out and recorded prior to October 7, 2003. 

6. Exhibit 2 is a series of reports of experiments conducted by one of us or at our 
direction that record the assembly of liquid crystal cells using the polymers 
produced according to Exhibit 1. Reports designated 310-3 record the 
assembly of liquid crystal cells using polymer BHL 444. Reports designated 
315-4 records the assembly of liquid crystal cells using polymer BHL 464. 
The experiments recorded in these records were carried out and recorded 
prior to October 7, 2003. 

7. Exhibit 3 is an extract from laboratory notebooks that record the results of 
experiments of the cells produced according to Exhibit 2, and filled with n-4- 
methoxybenzylidene-n-butylaniline (MBBA) and MLC6608 (a liquid crystal 
material available from Merck) or nematic mixture E7 (a liquid crystal material 
available from Merck). Cells produced using BHL 444 were filled with 
MBBA/MCL6608. BHL 444 is a surface director alignment material having 
positive dielectric anisotropy. MBBA/MCL6608 is a liquid crystal material 
having negative dielectric anisotropy. Cells produced using BHL 464 were 
filled with E7. BHL 464 is a surface director alignment material having 
negative dielectric anisotropy. E7 is a liquid crystal material having positive 
dielectric anisotropy. Exhibit 3 reports the testing and evaluation of the filled 
cells as functional liquid crystal materials, and verifies that the cells function 
as expected, and that the orientation of the molecules used therein is directly 
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controllable by an electric field. These experiments were conducted and 
recorded prior to October 7, 2003. 

8. In addition, we have also attached Exhibit 4, which is a draft application 
prepared prior to October 7, 2003 by Swedish patent counsel and provided to 
the inventors for comment, on September 10, 2003. The draft contains claims 
and supporting written description that is substantially the same as the claims 
and description of the present application. 

9. Subsequent to receipt of the draft application from Swedish patent counsel, 
the inventors reviewed the draft and met with Swedish patent counsel on 
October 16, 2003 to discuss the draft. These discussions resulted in the 
decision to add further embodiments to the disclosure. 

10. A revised application draft was prepared by Swedish patent counsel and sent 
to the inventors for review on October 28, 2003. 

1 1 .Subsequent to receipt of the revised draft, the inventors reviewed it and 
discussed the revised draft with Swedish patent counsel by telephone 
conference on November 4, 2003. As a result of this discussion, additional 
adjustments and additions were made to the text of the draft. This revised 
draft was sent to the inventors for review on November 10, 2003. 

12. The inventors accepted the revised draft and communicated this to Swedish 
patent counsel on November 14, 2003, who filed the application as Swedish 
priority application no. 030304-8 on November 18, 2003. 

13. All statements made herein based upon our own knowledge are true, and all 
statements made herein on information and belief are believed to be true; 
further, these statements were made with the knowledge that willful false 
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statements and the like so made are punishable by fine or imprisonment or 
both under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the present application 
or any patent issued thereon. 
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EXHIBIT 2 



310-3 A/B 



KEYWORDS: 

IBHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5pm cell gap. 

Buffed. 



GLASS: 1,10mm, 80 O/a. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cutto9,5><12,5mm. 

CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N2. 



COATING MIXTURE: BHL 444 . less than 0.74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off" particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 

PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




"Cloth" 



CELL ASSEMBLY: 

2003). Lavender tip, 1.5 ba 



2,5|jm spacer (plastic) in NOA 68 (exp. 1/5 
bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 

S^s^ Buffing direction of 

upper substrate 
PVX-layer 

Buffing direction of 
lower substrate 




Ej-LECTRIC CONNECTIONS: U/S-soldered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 

FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 C/D 



KEYWORDS: 

BHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



GLASS: 1,10mm, 80 n/o. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5><12,5mm. 



; CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 

i substrates were kept in chloroform, and washed in an other bath of chloroform. 

: Blowed by N 2 . 



COATING MIXTURE: BHL 444 . less than 0.74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

i SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
j after less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




"Cloth" 



(pELL ASSEMBLY: 2,5pm spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




Buffing direction of 
upper substrate 
PVX-layer 



Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soldered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 



FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 E/F 



KEYWORDS: 

BHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N2. 



COATING MIXTURE: BHL 444 . less than 0.74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off" particles. 

SKINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



GLASS: 



1,10mm, 80 Q/n. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: 



Cut to 9,5*12,5mm. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




ELL ASSEMBLY: 



2,5pm spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




^^^^Buffing direction of 
upper substrate 
PVX-layer 

Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soIdered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 



PINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 G/H 



KEYWORDS: 

BHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N 2 . 



COATING MIXTURE: BHL 444 . less than 0.74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 

PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



GLASS: 



1,10mm, 80 Q/d. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: 



Cut to 9,5x12,5mm. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




i ' I Vi m 
"Cloth" 



(pELL ASSEMBLY: 2,5Mm spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




Buffing direction of 
upper substrate 
PVX-iayer 



Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soldered with 143°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 



FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 l/J 



KEYWORDS: 

BHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



GLASS: 1,10mm, 80 O/d. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cutto9,5x12,5mm. 



CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N2. 



COATING MIXTURE: BHL 444 . less than 0,74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2um filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off" particles. 

siPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



BUFFING: When cool t the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




CELL ASSEMBLY: 2,5pm spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




Buffing direction of 
upper substrate 
PVX-layer 



Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soldered with "1 43°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 



FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 K/L 



KEYWORDS: 

BHL 444 ("PVX"). >0,7% dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N2. 



COATING MIXTURE: BHL 444 , less than 0,74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 

PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



GLASS: 



1,10mm, 80 Q/o. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: 



Cut to 9,5*12,5mm. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




Cloth" 



CELL ASSEMBLY: 2,5um spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




Buffing direction of 
upper substrate 



PVX-layer 



Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soldered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 



FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 M/N 



KEYWORDS: 

BHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



GLASS: 1 ,10mm, 80 Q/a. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9 r 5*12,5mm. 



CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N2. 



COATING MIXTURE: BHL 444 . less than 0.74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

SRlNNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
atjter less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




"Cloth" 



CELL ASSEMBLY: 2,5pm spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




Buffing direction of 
upper substrate 
PVX-layer 



Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soldered with "1 43°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 



FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



310-3 O/P 



KEYWORDS: 

BHL 444 ("PVX"). >0,7%, dissolved in THF, filtered mixture. 

2,5um cell gap. 

Buffed. 



GLASS: 1 ,10mm, 80 Q/g. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5*1 2,5mm. 



CLEANING: Cleaned with cleanroom tissue and Isopropanol. Then the 
substrates were kept in chloroform, and washed in an other bath of chloroform. 
Blowed by N2. 



COATING MIXTURE: BHL 444 . less than 0.74% . dissolved in THF 
(mixed 16/2). Due to some particles, or undissolved BHL 444 (?), the mixture 
was filtered (0,2pm filter). Hence the concentration is probably lower than 
0,74%. 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +125°C for approx 10-15 minutes, 
then set to cool. 



BUFFING: When cool, the substrates were rapidly brushed by a cloth. This was 
done 5 times with little pressure (2 of 5, on a scale of 5). Direction: 




"Cloth" 



CELL ASSEMBLY: 2,5um spacer (plastic) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vaccum 
pressure for 14 minutes. Direction of the substrates in the cell: 




^^^Buffing direction of 
upper substrate 
PVX-layer 

Buffing direction of 
lower substrate 



ELECTRIC CONNECTIONS: U/S-soldered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Unknown type of cord (from Johan), cut from reel. 

FINAL CLEANING: . The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



315-4 A/B 



KEYWORDS: 

BHL 464 ("PVX") 0,47%, dissolved in THF, filtered mixture. 
4yxm spacer. 



GLASS: 1,10mm, 80 0/a. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5*1 2,5mm. 

Edges grinded by diamond grinding paper. 
Cross section of substrate, grinding angle 

ITO-side 

CLEANING: After grinding the substrates were kept in water. Then several 
washings of the substrates by distilled water. Dried clean with cleanroom tissue 
and Isopropanol. Then the substrates were kept in chloroform, and washed in 
an other bath of chloroform. 



COATING MIXTURE: BHL 464, less than 0,47%, dissolved in THF. 
Stirred (by Spinbar), dissolved, for about half an hour. Then the mixture was 
filtered (0,2}jm filter). 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +120°C for 15 minutes in oven , then 
taken out to cool. 

BUFFING: The substrate was buffed 5 times, with a pressure of 2 on a scale of 
5. Buffing direction of substrate: 



CELL ASSEMBLY: 4um spacer (glass fibre) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vacuum 
pressure for 7 minutes. Direction of the substrates in the cell: 



SEALING OF CELL SIDES: The sides, the joint of the 
substrates, strengthened by applying NOA68 glue. Exposed under UV-light for 
14 minutes. 



FINAL CLEANING: The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 




"Cloth 




Buffing direction of 
upper substrate 



ELECTRIC CONNECTIONS: U/S-soldered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Cord with 105mm length (ELFA 55-241-52). 



315-4C/D 



KEYWORDS: 

BHL 464 ("PVX") 0,47%, dissolved in THF, filtered mixture. 
4Mm spacer. 



GLASS: 1,10mm, 80 n/o. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5><12,5mm. 

Edges grinded by diamond grinding paper. 
Cross section of substrate, grinding angle 

3--"! 30° 

ITO-side 

CLEANING: After grinding the substrates were kept in water. Then several 
washings of the substrates by distilled water. Dried clean with cleanroom tissue 
and Isopropanol. Then the substrates were kept in chloroform, and washed in 
an other bath of chloroform. 



COATING MIXTURE: BHL 464, less than 0,47%, dissolved in THF. 
Stirred (by Spinbar), dissolved, for about half an hour. Then the mixture was 
filtered (0,2pm filter). 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +120°C for 15 minutes in oven , then 
taken out to cool. 

BUFFING: The substrate was buffed 5 times, with a pressure of 2 on a scale of 
5. Buffing direction of substrate: 




"Cloth* 



QELL ASSEMBLY: 4pm spacer (glass fibre) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vacuum 
pressure for 7 minutes. Direction of the substrates in the cell: 




Buffing direction of 
upper substrate 



Buffing direction of 
lower substrate 



SEALING OF CELL SIDES: The sides, the joint of the 
substrates, strengthened by applying NOA68 glue. Exposed under UV-light for 
14 minutes. 



FINAL CLEANING: The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



ELECTRIC CONNECTIONS: U/S-soldered with "1 43°-lead"; 
Heat: 3, Sonic Power: 3. Cord with 105mm length (ELFA 55-241-52). 



315-4 E/F 



KEYWORDS: 

BHL 464 ("PVX") 0,47%, dissolved in THF, filtered mixture. 
4|jm spacer. 



GLASS: 1,10mm, 80 Q/ci. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5*12,5mm. 

Edges grinded by diamond grinding paper. 
Cross section of substrate, grinding angle 

U % 30° 

ITO-side 

CLEANING: After grinding the substrates were kept in water. Then several 
washings of the substrates by distilled water. Dried clean with cleanroom tissue 
and Isopropanol. Then the substrates were kept in chloroform, and washed in 
an other bath of chloroform. 

v 



COATING MIXTURE: BHL 464, less than 0,47%, dissolved in THF. 
Stirred (by Spinbar), dissolved, for about half an hour. Then the mixture was 
filtered (0,2pm filter). 



COATING: 

Blefore application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off' particles. 

siPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 



PRETREATMENT: Substrates heated to +120°C for 15 minutes in oven , then 
taken out to cool. 

BUFFING: The substrate was buffed 5 times, with a pressure of 2 on a scale of 
5. Buffing direction of substrate: 



CELL ASSEMBLY: 4um spacer (glass fibre) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vacuum 
pressure for 7 minutes. Direction of the substrates in the cell: 



SEALING OF CELL SIDES: The sides, the joint of the 
substrates, strengthened by applying NOA68 glue. Exposed under UV-light for 
14 minutes. 



FINAL CLEANING: The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



ELECTRIC CONNECTIONS: U/S-soldered with "143°-lead"; 
Heat: 3, Sonic Power: 3. Cord with 105mm length (ELFA 55-241-52). 




•Cloth" 




Buffing direction of 
upper substrate 



315-4G/H 



KEYWORDS: 

BHL 464 ("PVX") 0,47%, dissolved in THF, filtered mixture. 
4pm spacer. 



GLASS: 1,10mm, 80 O/a. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5*1 2,5mm. 

Edges grinded by diamond grinding paper. 
Cross section of substrate, grinding angle 

ITO-side 

CLEANING: After grinding the substrates were kept in water. Then several 
washings of the substrates by distilled water. Dried clean with cleanroom tissue 
and Isopropanol. Then the substrates were kept in chloroform, and washed in 
an other bath of chloroform. 



COATING MIXTURE: BHL 464, less than 0,47%, dissolved in THF. 
Stirred (by Spinbar), dissolved, for about half an hour. Then the mixture was 
filtered (0,2pm filter). 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off" particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 

PRETREATMENT: Substrates heated to +120°C for 15 minutes in oven, then 
taken out to cool. 

BUFFING: The substrate was buffed 5 times, with a pressure of 2 on a scale c 
5. Buffing direction of substrate: 



CELL ASSEMBLY: 4um spacer (glass fibre) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vacuum 
pressure for 7 minutes. Direction of the substrates in the cell: 



SEALING OF CELL SIDES: The sides, the joint of the 
substrates, strengthened by applying NOA68 glue. Exposed under UV-light for 
14 minutes. 



FINAL CLEANING: The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 




"Cloth" 




Buffing direction of 
upper substrate 



ELECTRIC CONNECTIONS: U/S soldered with "143°-lead "; 
Heat: 3, Sonic Power. 3. Cord with 105mm length (ELFA 55-241-52). 



315-4 l/J 



KEYWORDS: 

BHL 464 ("PVX") 0,47%, dissolved in THF, filtered mixture. 
4um spacer. 

Substrates heated -again- after buffing. 



GLASS: 1 ,10mm, 80 O/d. MBC, batch No. 0R1429, 2000-02-24. 



SUBSTRATES: Cut to 9,5x12,5mm. 

Edges grinded by diamond grinding paper. 
Cross section of substrate, grinding angle 

l 30' 
ITO-side 

CLEANING: After grinding the substrates were kept in water. Then several 
washings of the substrates by distilled water. Dried clean with cleanroom tissue 
and Isopropanol. Then the substrates were kept in chloroform, and washed in 
an other bath of chloroform. 



COATING MIXTURE: BHL 464, less than 0,47%, dissolved in THF. 
Stirred (by Spinbar), dissolved, for about half an hour. Then the mixture was 
filtered (0,2pm filter). 



COATING: 

Before application of mixture, the substrates were rotated for a few seconds. 
This for "throwing off" particles. 

SPINNER: 4000 r/m for 30 sec. Solution dropped on substrate, then rotated 
after less then 1 second. 



ALIGNMENT: 

PRETREATMENT: Substrates heated to +120°C for 15 minutes in oven, then 
taken out to cool. 

BUFFING: The substrate was buffed 5 times, with a pressure of 2 on a scale of 
5.I Buffing direction of substrate: 




"Cloth" 



POST HEATING: The substrates were again heated; 10 minutes at about 
+70°C on a hot plate. Then taken off to cool. 



CELL ASSEMBLY: 4pm spacer (glass fibre) in NOA 68 (exp. 1/5 
2003). Lavender tip, 1.5 bar pressure. Exposed in UV-light under vacuum 
pressure for 7 minutes. Direction of the substrates in the cell: 

//S^ Buffing direction of 
upper substrate 

PVX-layer 

Buffing direction of 
lower substrate 




SEALING OF CELL SIDES: The sides, the joint of the 
substrates, strengthened by applying NOA68 glue. Exposed under UV-light for 
14 minutes. 



FINAL CLEANING: The outside of the substrates were carefully 
cleaned with a "tops" with a small amount of Aceton. 



ELECTRIC CONNECTIONS: U/S-soldered with "1 43°-lead"; 
Heat: 3, Sonic Power: 3. Cord with 105mm length (ELFA 55-241-52). 



U.S. Serial No. 10/562,050 
Declaration under 37 C.F.R. 1.131 
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Fax : +46 3 1 63 02 63 A WAP ATENT AB 

Phone: +46 3 1 63 02 00 Box 1 1 394 

Email: mail@awapatent.com SE-404 28 GOTEBORG 

SWEDEN 

Head office and registered office in Malmo. VAT No. SE556082702301 

This message, which may contain confidential information, is intended only for the individual or entity to 
whoiji it is addressed. If you have received this message in error, please notify us immediately by 
telephone and return the original message to the above address by mail. 

No. of pages including this page: 49 

Date: 2003-09-10 

RECEIVER No: 031 - 82 70 35 

Name/Firm: Ecsibeo AB 

Attention: Johan Felix 

Your ref: IN-PLANE EC ALIGNMENT-P-SE 

Our ref: SE-2 1 004686/Marie-Louise Jardle 
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Med vanliga haisningar 
A WAP ATENT AB 

^Ticuaa hooj&& kuLU^ 

Marie-Louise Jardle \J 



If you do not receive a clear copy or the correct number of pages, 
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A LIQUID CRYSTAL DEVICE AND A METHOD FOR MANUFACTURING 

THEREOF 

Technical field 

The present invention generally relates to t:he field 
of liquid crystals. More specifically, the presfent inven- 
tion relates to a liquid crystal device including a liq- 
5 uid crystal bulk layer presenting a surface/director at a 
bulk surface thereof, and a surface-director alignment 
layer arranged to interact with the bulk/layer at said 
bulk surface for obtaining a preferred /orientation of the 
surface director of the bulk layer. / 
10 The invention also relates to af method for manufac- 

turing a liquid crystal device and/ a method of control- 
ling a liquid crystal bulk layer/ 

Technical background (I huvuds/ak samma som tidigare f 

15 forutom tillagg angaende in-plane switching och problem- 
definitionen som ar marker ycde , Ny Fig 3 som visar prior 
art in-plane switching tas lampligen med.) 

Liquid crystals, widely used at present as electro- 
optical media in display devices, are organic materials 

20 with anisotropic phys/cal properties. Liquid crystals are 

made of long rod-likfe molecules which have the abilit^^to^J[ 
align along their 1/bng axis in a certain direction (ori- 
entation) . The averrage direction of the molecules is 
specified by a v/ctor quantity and is called director. 

25 The operation of the liquid crystal displays is 

based on the changes of the optical characteristics, such 
as light transparency, light absorption at different 
wavelengths, light scattering, birefringence, optical ac- 
tivity, circular dichroism, etc, of the liquid crystal in 

3Q the display caused by an applied electric field (direct 
coupling) . 



One of the basic operational principle of liquid 
crystal displays and devices is the switching of the ori- 
entation of the liquid crystal molecules by an applied 
electric field that couples to the dielectric anisotropy 
of the liquid crystal (dielectric coupling) . Such a cou- 
pling gives rise to an electro-optic response quadratic 
with the applied electric field, i.e. independent of the 
field polarity. / 

There exist a number of different/types of LCDs 
whose operation is based on dielectric coupling, espe- 
cially dynamic scattering displays, /displays using defor- 
mation of homeotropically aligned /hematic liquid crystal, 
Schadt-Helf rich twisted nematic /tN) displays, super 
twisted nematic (STN) displays/ in-plane switching (IPS) 
nematic displays, etc. / 

For modern applications', a LCD should possess sev- 
eral important characteristics, such as a high contrast 
and brightness, a low pow4r consumption, a low working 
voltage, short rise (switching) and decay (relaxation) 
times, a low viewing angle dependence of the contrast, a 
grey scale or bistab/lity, etc. The LCD should be cheap, 
easy to produce and/to work with. None of the prior-art 
LCDs is optimised /concerning all the important character- 
istics. / 

Nematics a/e the simplest structure of the liquid 
crystals which/is formed when the liquid crystal mole- 
cules align themselves toward a particular direction in 
space . / 

In most of the conventional nematic liquid crystal 
displays, operating on the basis of the dielectric cou- 
pling, the electric field is applied normally to the liq- 
uid crys^4l bulk layer (i.e. normally to the confining 
substrates) and the liquid crystal bulk molecules are 
switched by the electric field in a plane perpendicular 
to the confining substrate surfaces (so-called out-of- 
plane switching) . These displays are usually slow, and 



nearly all suffer from non-satisfactory angular depend- 
ence of the contrast, / 

There is also another type of LCDs with in-plane 
switching, in which the electric field i/ applied along 
5 the liquid crystal bulk layer (i.e. in /parallel with the 
confining substrates) and the liquid Crystal bulk mole- 
cules are switched in a plane in parallel with the con- 
fining substrate surfaces. These displays exhibit a very 
small angular dependence of the /mage contrast but the 
10 resolution and the switching ti/faes are not satisfactory. 

In the displays discussed above, the desired initial 
alignment of the liquid crystal layer in the absence of 
an external field, such as/an electric field, is gener- 
ally achieved by appropriate surface treatment of the 
15 confining solid substrate surfaces. The initial liquid 
crystal alignment is defined by solid surface/liquid 
crystal interactions ./The orientation of the liquid crys- 
tal molecules adjacent the confining surface is trans- 
ferred to the liquici crystal molecules in the bulk via 
20 elastic f orces , . t!4us imposing essentially the same align- 
ment to all liqu/d crystal bulk molecules. 

The directc&r of the liquid crystal molecules near 
the confining Substrate surface (s) (herein also called 
surface director) is constrained to point in a certain 
25 direction, sv/ch as perpendicular to (also referred to as 
homeotropic /or vertical) or in parallel with (also re- 
ferred to a4 homogeneous or planar) the confining sub- 
strate surface (s). The type of alignment in liquid crys- 
tal displays operating on the coupling between liquid 
3 0 crystal dielectric anisotropy and applied electric field 
is chosen in .accordance with the sign of the dielectric 
anisotropy andythe desired type of switching mode (in- 
plane Lr out-of plane ) . 

[n out-of -plane switching liquid crystal cells em- 
35 ploying a liquid crystal bulk having a negative dielec- 
tric anisotropy, it is important to uniformly orient the 
director of the liquid crystal bulk molecules ( in the 



/ 

4 / 
field-off state ) vertically to the substrate surfaces (so- 
called homeotropic alignment) . An exampl^ of a method for 
establishing a homeotropic alignment comprises coating 
the confining substrate surfaces with/a surfactant, such 
5 as lecithin or hexadecyltrimethyl ammonium bromide. The 
coated substrate surfaces is then Also preferably rubbed 
in a predetermined direction, so /that the field- induced 
planar alignment of the liquid (Crystal molecules will be 
oriented in the predetermined ^rubbing direction. 
10 In out-of -plane switching liquid crystal cells em- 

ploying a liquid crystal bulk having a positive dielec- 
tric anisotropy, it is important to uniformly orient the 
director of the liquid crystal bulk molecules ( in the 

field-off state) in parallel with the substrate surface (s) 

planar* / 

15 (so-called homogeneous alignment) . For twisted nematic 

liquid crystal cells'; it is also important to orient the 
liquid crystal built molecules at a certain inclined ori- 
entation angle (t/lt angle) to the substrate. Known meth- 
ods for establishing homogeneous alignment is, for in- 

20 stance, the inorganic film vapour deposition method and 
the organic film rubbing method. 

In the /norganic film vapour deposition method, an 
inorganic film is formed on a substrate surface by va- 
pour-depositing an inorganic substance, such as silicon 

25 oxide, obliquely to the confining substrate so that the 
liquid orystal molecules are oriented by the inorganic 
film in/ a certain direction depending on the inorganic 
material and evaporation conditions. Since operation ef- 
ficiency is low, this method is practically not used. 

30 /According to the organic film rubbing method, an or- 

ganic coating of, for instance, polyvinyl alcohol, poly- 
oxyfethylene, polyamide or polyimide, is formed on a sub- 
strate surface, the coating is then baked, generally at 
20©"-300°C ; and the surface is thereafter rubbed in a pre- 

35 determined direction using a cloth of e.g. cotton, nylon 
or polyester, so that the liquid crystal molecules will 
be oriented in the rubbing direction. Polyimide is most 



5 

often used due to desired chemical stability^ thermal 
stability, etc. 

In in-plane switching liquid crystal >6ells employing 
a liquid crystal bulk having a positive q/r negative di- 
5 electric anisotropy, it is important to/uniformly orient 
the director of the liquid crystal bul^Sc molecules in par- 
allel with the substrate surfaces. Tfre aligning methods 
used in this case are similar to thpse used for out-of- 
plane switching of liquid crystal /ells employing a liq- 
10 uid crystal bulk having a posit iy£ dielectric anisotropy . 

In in-plane switching liquj/Q crystal cells employing 
a liquid crystal bulk having a/positive dielectric ani- 
sotropy, the initial field-offf planar alignment of the 
liquid crystal bulk molecules is perpendicular to the di- 
15 rection of the applied ele/tric field. 

In in-plane switchiryg liquid crystal cells employing 
a liquid crystal bulk having a negative dielectric ani- 
sotropy, the initial p/anar alignment of the liquid crys- 
tal bulk molecules iq/ along the direction of the applied 

2 0 electric field . 

In all of the/above disclosed methods of aligning 
the director of tile liquid crystal bulk molecules near 
the confining su&strate (s) , a so-called surface-director 
alignment layer/ is generally applied on the confining 
25 substrate surface (s) facing said liquid crystal bulk. 

It may hjL noted, that in the prior art (e.g. in US 
2002/0006480/) alignment layers of materials having mesog- 
enic groups/ in their structure have been described. This 
type of lasers is primarily used to increase the interac- 

3 0 tion between the alignment layer and the (mesogenic) liq- 

uid crystal bulk layey in, the field-off state, but the 
/ WSU rvtxx j (y d £s ~ 

alignment layer is notV/substantially affected by an ap- 
plied electric field (i.e. it is not directly controlla- 
ble by /an electric field). Korrekt?? 
3 5 Iffi the prior of art, there are in principal three 

different techniques for changing the optical performance 
of liquid crystals by accomplishing a new molecular ori- 



entation of the liquid crystals that differs from the 
initial alignment. 

The first, most widely used technique for reorien- 
tating the molecules is to apply an external electrical 
field over the entire bulk liquid crystal laWr. Due to 
direct coupling between the electric field and some of 
the liquid crystal material parameters, sutfn as dielec- 
tric anisotropy, the field will directly Reorient the 
liquid crystal bulk molecules in a new direction if their 
initial alignment does not correspond i£o a minimum energy 
of interaction of the electric f ield /With the liquid 
crystal bulk. / 

The second known technique for reorienting the mole- 
cules of a liquid crystal layer ys to design one or both 
of the confining alignment surfaces as a photo-controlled 
"command surface". Such a photo -control led command sur- 
face is capable, when subject/ed to, for instance, UV 
light, to change the direct/on of alignment imposed by 
the surface on the liquid ycrystal molecules in contact 
with the surface. The concept of "photo commanded sur- 
face" has been describe*! by K. Ichimura in a number of 
papers overviewed in Chemical Reviews, 100, p. 1847 
(2000) . More specifically, an azobenzene monolayer is de- 
posited onto the inpier substrate surface of a sandwich 
cell containing a hematic liquid crystal layer. The 
azobenzene molecules change their conformation from 
"trans" to "cisy under illumination with UV light. The 
azobenzene molecules are anchored laterally to the sub- 
strate surface/ by the aid of triethoxysilyl groups. The 
trans- isomer/of azobenzene moieties imposes a homeotropic 
alignment o/ the nematic liquid crystal, whereas the cis- 
isomer gives a planar orientation of the liquid crystal 
molecules. Hence, the conformational changes of the mole- 
cules in the alignment layer caused by the UV illumina- 
tion will result in a change of the alignment of the 
nematic liquid crystal molecules. The relaxation to the 
initial alignment is obtained by illuminating the sample 



with VIS-light or simply by heating it to the isotropic 
state. / 

The third known principle for reorientating liquid 
crystal molecules involves the use of so-cal/ed Electri- 
5 cally Commanded Surfaces (ECS) . This principle is de- 
scribed in the published International parent application 
No. WO 00/03288. The ECS principle is usfed to primarily 
control a ferroelectric liquid crystal/ine polymer layer. 
According to ECS principle, a separate thin ferroelectric 

10 liquid crystalline polymer layer is/deposited on the in- 
ner surfaces of the substrates confining a liquid crystal 
bulk material in a conventional sandwich cell. The ferro- 
electric liquid crystalline polVmer layer acts as a dy- 
namic surface alignment layer imposing a planar or sub- 

15 stantially planar alignment ah the adjacent liquid crys- 
tal bulk material. More spec/if ically, when applying an 
external electric field across the cell - and thereby 
across the surface alignment layer - the molecules in the 
separate ferroelectric Liquid crystalline polymer layer 

20 will switch. This moleoular switching in the separate 
polymeric layer will, /in its turn, be transmitted into 
the bulk volume via silastic forces at the boundary be- 
tween the separate alignment layer and the bulk layer, 
thus resulting in & relatively fast in-plane switching of 

2 5 the bulk volume molecules iodueod by the dynamic surface 

alignment layer . /The ECS layer should be very thin (100- 
200 nm) , and shc/uld preferably be oriented in bookshelf 
geometry, i.e. /With smectic layers normal to the confin- 
ing substrates/ Furthermore, in order to keep the ECS 

3 0 layer and its/operat ion intact, the material of ECS layer 

must be insoluble in the liquid crystal bulk material. 



To opti/aise the performance of liquid crystal de- 



vices, it 


i£ desirable to decrease the total time period 


needed to 


Switch and relax the liquid crystal bulk mole- 


cules in : 


rfesponse to an applied external field. The total 


response i 


t/ime consists of a rise time (switching of the 


liquid cr 


£stal molecules to a field-induced orientation 



It) to* 



110 



15 



20 



25 



30 



state) and a decay time (relaxation of the ly^uid crystal 
molecules to a field-off orientation state)/ In prior art 
liquid crystal devices, the rise time is generally about 
1/3 of the total response time. Hence , t#e decay time is 
generally about 2/3 of the total response time . Stammer 
detta Jbade for in-plane och out-of-plaJxe? 

The decay time of prior art out ->6f -plane switching 
nematic liquid crystal devices is generally about 20-100 
ms resulting in a low image quality, in particular for 
moving images. The problem of lonfl decay times is espe- 
cially pronounced for liquid crystal devices having large 
display areas, and in more particular for out -of -plane 
switching liquid crystal devipes . The rise time of an 
out -of -plane switching liquica crystal device can be 
rather easily adjusted to a/desired value by the applica- 
tion of an appropriate fie/d strength over the liquid 
crystal cell. J ~ ^wt 

Liquid crystal devices having long rise times also t^^pfnsc 

resu Its in a low image Quality, in part,icylar for moving jv. 

2 — -P c iW&x h& tux, ^k)tcrn TirVKL) . 

images. The problem of/ long rise times is ^especially pro- 
nounced for liquid crystal devices having large display 
areas, and in more particular for in-plane switching liq- 
uid crystal devices/ In-plane switching of the surface- 
director of the liquid crystal molecules is somewhat re- 
s trained, and thus/ slowed down, by the substrate sur- 
faces « 

The rise tirtte of prior art in-plane switching 
nematic liquid crystal devices is generally about 2 0 
ms . Korrekt? 

Fig 1 sche/natically shows an out -of -plane switching 
device 1 including a liquid crystal bulk 
a negative dielectric anisotropy (Ae < 0) 




liquid crystal 
layer 2 having 



between confining substrates 3. In the field-off state (E 
= 0) , the liquin crystal bulk molecules are vertically 
35 aligned, via elastic forces, by a c onven t i ona 1 surface- 
director alignment layer (not shown) applied on the con- 
fining substrate surfaces 3. When an external electric 



field is applied (E * 0) across the liquid crystal bulk 
layer 2 between electrodes 4 on the confining substrates 
3, the liquid crystal molecules 2 are switchec^/to a 
field-induced planar orientation. However, iquid 
crystal molecules 2 located near the confining substrate 
surfaces 3 are not only affected by the applied electric 
field, but also by the surf ace-director ^alignment layer, 
which result in an elastic def ormation/ul of the liquid 
crystal layer 2 near the substrate surfaces 3, as shown 
in Fig 1. After removal of the external field, the liquid 
crystal molecules 2 near the surface-director alignment 
layer relax to their initial fie^d-off orientation, due 
to the solid surface/liquid crystal interactions. The 
relaxation of the liquid crystal molecules 2 in this 
region affects, via elastic /forces, the orientation of 
the more remote liquid crystal bulk molecules 2. Thus, 
the elastic deformation Dl that takes place in the liquid 
crystal layer 2 under an applied electric field 
disappears and the initial uniform field-off homeotropic 
alignment of the entire liquid crystal bulk layer 2 is 
finally restored. However, as mentioned above, the re- 
laxation to field-dff orientation is rather slow. 

The same typ£ of problem is illustrated for the out- 
of -plane switching liquid crystal device 1' shown in Fig 
2, said device £' including a liquid crystal bulk layer 
2' having a positive dielectric anisotropy (Ae > 0) be- 
tween confiniAg substrates 3' coated with a conventional 
surface alignment layer (not shown ) , In the field-off 
state (E « 6) , the liquid crystal bulk molecules 2' ex- 
hibit a planar alignment. When an external electric field 
is applied (E * 0) across the bulk liquid crystal layer 
2 ' between electrodes 4' on the confining substrates 3', 
the liquid crystal molecules 2 f are switched to a field- 
induced /vertical orientation. An elastic deformation D2 
of the Aiquid crystal layer 2' near the substrate sur- 
faces 3' is shown in Fig 2. 
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Fig 3 schematically shows an in-plane switching liq- 
uid crystal device 1'' including a liquid crystaj/ bulk 
layer 2' ' having a positive dielectric anisotrppyc (As > . 
0) between confining substrates 3''. In the f/ield-off 
state (E = 0) , the liquid crystal bulk moieties 2'* ex- 
hibit a planar alignment in a first orientation direction 
obtained, via elastic forces, by a surf a/e -director 
alignment layer (not shown) applied on/the confining sub- 
strate surfaces 3''. When an external/electric field is 
applied (E * 0) along the bulk liqu^Q crystal layer 2'' 
(i.e. in parallel with the confining substrates 3'') be- 
tween electrodes 4'' placed as shown in Fig 1, the liquid 
crystal molecules 2'' are switched in-plane to a field- 
induced second orientation dir/ction along the orienta- 
tion of the electric field. However, the switching of the 
liquid crystal molecules 2 ' / will be restrained by the 
surface-director alignment/layer, thus increasing the 
rise time. Har ni en fig /motsvarande Fig 1 och 2 som 
visar prior art in -plane/ switching? ) 

The same reasoning/ applies to an in-plane switching 
liquid crystal device /Including a liquid crystal bulk 
layer 2 having a negative dielectric anisotropy (As < 0) . 

Summary of the invention (I princip helt nytt stycke.) 

In light of the above-mentioned drawback of the 
known liquid crystal displays, a general object of the 
present invent ioi/i is to provide an improved liquid crys- 
tal device, an i/mproved method for manufacturing a liquid 
crystal device, /and an improved method of controlling a 
liquid crystal /device . The invention is not directed to 
displays only,/ but is useful in many other liquid crystal 
devices. 

According to a first aspect of the invention, there 



is provided a 
crystal bulk 
bulk surface 



liquid crystal device including a liquid 
layer presenting a surface director at a 
thereof, and a surface-director alignment 



layer arranged to interact with the bulk layer at said 



■ 



bulk surface for obtaining a preferred orientation of the 
surface director of the bulk layer, wherein the liquid 
crystal bulk layer and the surf ace-direator alignment 
layer each are directly controllable fc^y an electric field 
via dielectric coupling. / 

In a first embodiment of the device according to the 
invention, the liquid crystal bulK layer and the surface - 
director alignment layer exhibit/ dielectric anisotropies 
(As) of opposite signs. This device makes it possible to 
shorten the total response time by shortening the decay 
time to below 2 0 ms, such aA about 4-6 ms, and thus pro- 
vide an improved image quality, in particular for moving 
images and large display/devices. This effect is espe- 
cially advantageous in Zut-of -plane switching liquid 
crystal devices. / 

In a second embodiment of the device according to 
the invention, the /iquid crystal bulk layer and the sur- 
face-director alignment layer exhibit dielectric anisot- 
ropics (As) of same sign^/This device makes it possible 
to shorten the total response time by shortening the rise 
time to below yo ms (??), such as about L.^rns, and thus 
provide an improved image quality, in particular for mov- 
ing images and large display devices. Vad kan rise time 
forkortas till..? This effect is especially advantageous 
in in-plane /switching liquid crystal devices. 

In a tfnird embodiment of the device according to the 
invention,/ the surface-director alignment layer comprises 
regions, preferably separate structural parts of a com- 
pound, exhibiting dielectric anisotropies (As) of oppo- 
site signs. This device is believed to make it possible 
to short/en the total response time by shortening the rise 
time as/ well as the decay time. This effect is especially 
advantageous in in-plane switching liquid crystal de- 
vices . / 

Afccording to a second aspect of the invention, there 
is provided a method for manufacturing a liquid crystal 
device comprising the steps of providing a surface- 
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director alignment layer on an inner surface of at least 
one substrate, and sandwiching a liquid crystal hulk. 
layer between two substrates, said liquid crystal bulk 
layer presenting a surface director at a buUc surface 
thereof and being directly controllable by/an electric 
field via dielectric coupling, and said ysurf ace-director 
alignment layer being arranged to interact with the bulk 
layer at said bulk surface for obtaining a preferred ori- 
entation of the surface director o£ the bulk layer, 
wherein said surface alignment Layer being directly 
controllable by an electric f o^eld via dielectric cou- 
pling. 

According to a third aspect of the invention, there 
is provided a method of controlling a liquid crystal bulk 
layer comprising the st^ep of aligning a liquid crystal 
bulk layer presenting/a surface director at a bulk sur- 
face thereof by use /of a surf ace -director alignment layer 
arranged to interact with the bulk layer at said bulk 
surface for obtaining a preferred orientation of the sur- 
face director o/ the bulk layer, wherein the liquid crys- 
tal bulk layer/ and the surface-director alignment layer 
each are directly controllable by an electric field via 
dielectric poupling. 

Brief description of the drawings 

Fig 7 ' 1 shows a prior art out-of -plane switching liq- 
uid crystal device exhibiting an initial vertical align- 
ment of the liquid crystal bulk layer. 

/Fig 2 shows a prior art out-of -plane switching liq- 
uids/crystal device exhibiting an initial planar alignment 
of /the liquid crystal bulk layer. 

/ Fig 3 shows a prior art in-plane switching liquid 
crystal device . Foreslagen ny figur (so beskrivning 
J van ) I 

I Fig 4 shows an embodiment of an out-of-plane switch- 

Ling liquid crystal device according to the invention ex- 
hibiting an initial vertical alignment of the liquid 
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crystal bulk layer. In this embodiment, the liquid crys- 
tal bulk layer and the surface-director alignment layer 
exhibit dielectric anisotropics (Ae) of opposite signs. 

Fig 5 and 6 illustrate the difference between the 
5 devices shown in Fig 1 and Fig 4, respectively, with re- 
gard to elastic deformation. 

Fig 7 shows an embodiment of the liquid crystal de- 
vice according to the invention exhibiting an initial 
planar alignment of the liquid crystal bulk layer. In 
10 this embodiment, the liquid crystal bulk layer and the 

surface-director alignment layer exhibit dielectric ani- 
sotropics (Ae) of opposite signs. 

Fig 8 and 9 illustrate the difference between the 
devices shown in Fig 2 and Fig 7, respectively, with re- 
15 gard to elastic deformation. 

Fig 10 shows a first embodiment of an in-plane 
switching liquid crystal/device according to the inven- 
tion. In this embodiment, the liquid crystal bulk layer 
and the surf ace-directbr alignment layer exhibit dielec- 
20 trie anisotropics (Ae) of opposite signs. Foreslagen ny 
figure (se beskriv^ing nedan)! 

Fig 11 shows /a second embodiment of an in-plane 
switching liquid/crystal device according to the inven- 
tion. In this embodiment, the liquid crystal bulk layer 
25 and the surf aci-director alignment layer exhibit dielec- 
tric anisotropics (Ae) of Same sign. Foreslagen ny figure 
(se beskrivning nedan)! 

Fig 12 /shows the rise and decay times measured for a 
device accc/rding to the invention exhibiting an initial 
30 vertical alignment of the liquid crystal bulk layer. 

Detailed inscription of the invention (I princip ny text, 
men som hygger pa. den gamla. Darfor ar inte alia andrln- 
gar markerade . ) 

3 5 The/ dielectric anisotropy (Ae) of a material having 

an order/ed molecular structure possessing a structural 
anisotrd£y, such as a crystalline or a liquid crystalline 
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structure, is the difference between the dielectric con- 
stants measured in perpendicular and parallel direction, 
respectively, to the preferred molecular orientation in 

this material. / MjdUldl C^iJ^A- 

When an electric field is applied/across a^^eTlal 
exhibiting a positive dielectric ani^otropy (As > 0) , the 
molecules {or functional groups of /the molecules) will 
align their long axis along {or substantially along) the 
direction of the electric field/ AlC^^^AjS>^ 

When an electric field isr applied across aYmaterial 
exhibiting a negative dielectric anisotropy (Ae < 0) , the 
molecules (or functional groups of the molecules) will 
align their long axis perpendicular (or substantially 
perpendicular) to the direction of the electric field. 

The liquid crystal device according to the invention 
includes a liquid crystal bulk layer presenting a surface 
director at a bulk iurface thereof, and a surface- 
director alignment/ layer arranged to interact with the 
bulk layer at sa/d bulk surface for obtaining a preferred 
orientation of the surface director of the bulk layer, 
wherein the liquid crystal bulk layer and the surface- 
director alignment layer each are directly controllable 
by an electric field via dielectric coupling . 

2. Forst kgrnmer generell info som galler alia, utforings- 

l 

former 

The Aiquid crystal device preferably includes at 
least one confining substrate, such as two confining 
substrates, at said bulk surface (s) . 

The surface-director alignment layer is preferably 
applied on the inner surface (s) of said substrate (s) con- 
fining the liquid crystal bulk layer. 

'The preferred orientation of the surface director of 
the /liquid crystal bulk layer is generally obtained by 
interaction with the surface-director alignment layer in 
the absence of an external field, such as an electric 
field. 
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of the bulk layer may be 



The liquid crystal bulk layer comprises a liquid 
crystal material exhibiting a (non-zero) dielectric 
sotropy and thus being directly controllable by an 
plied electric field via dielectric coupling 

The surface-director alignment layer compulses a ma- 
terial exhibiting a (non-zero) dielectric an^sotropy and 
thus being directly controllable by an applied electric 
field via dielectric coupling 

The liquid crystal bulk layer of £ne device accord- 
ing to the invention is preferably a/nematic liquid crys 
tal . 

The liquid crystal bulk layer may comprise a nematic 
liquid crystal material having A uniform or deformed con- 
figuration. The uniform configuration could, for in- 
stance, be planar, homeotroplc or tilted. The deformed 
structure could, for instance, be twisted (i.e. twisted 
nematic or cholesteric) onr with splay and/or bent elastic 
deformation. / jyig, 

The nematic liquid crysta 
achiral or chiral . 

Examples of suitable liquid crystal bulk layer mate 
rials having posit/ive and negative dielectric anisot- 
ropies, respectively, are gi^^n relation to the pre- 
ferred embodiments described below. 

The mater/al of the surface-director alignment layer 
may either present liquid crystal properties or it .may 
not present liquid crystal properties. 

Preferably, the material of the surface-director 
alignment l/ayer is a liquid crystal material^ such as a 
nematic 

The 

may, for /instance, be a polymeric material, such as a 
chemically modified polyvinyl al cohol , polyimide, polysi 
loxane, polyacrylate, polymethacrylate , polyamide, poly 
ester, polyurethane , etc. 

The surface-director alignment layer may also com- 
prise a modified solid material, such as a chemically 



smectic liquid crystal material . /*j8 LiVe, (LlSlc. 
Material of the surface-director alignment layer 
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Or ^cLuce*?. c\ ^ •< ^ u^o) LC propel. 
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modified gold surface, a chemically modified silicon 
dioxide surface or a chemically modified glass ^urface 
comprising silanol groups. 

The surface-director alignment layer m^y be produced 
by first applying a coating of a polymer/having reactive 
groups on a substrate surface, and thereafter chemically 
attaching desired functional groups to said polymer coat- 
ing by reaction with the reactive groups of the polymer, 
thus providing a desired surface-director alignment 
layer. 

The surface-director aliq/ment layer may also be 
produced by applying a coatirig of an already modified 
polymer on a substrate surface. 

An alternative is to /chemically attach desired func- 
tional groups to a non-polymeric substrate surface, such 
as a gold-coated substrate surface. 

Examples of suitable surface-director alignment 
layer materials having positive and negative dielectric 
anisotropies, respectively , are give in relation to the 
preferred embodiments described below. 

In this contfext, it shall be noted that the func- 
tional groups e. chemical groups being directly con- 
trollable via dielectric coupling) of the surface- 
director aligx/ment layer material should be free to move 

their molecu/ar orie ntation as a direct consequence of 

f -rr^ — ' thro-mOvauuM 

the dielectric coupling ,jfThus, the physical interaction 

between the/ functional groups and the rest of the sur- 
face-director alignment layer material should preferably 
be minimise d. A low degree of interaction may, tor m- 
stance, l/e obtained by se lecting a surf ace r director 

f — ; — w& pvniwuw : r 

alignment layer material having a 3sSMH rhtra-molecular m- 
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teractipn between the function al groups and the res£ of 

f- \3^y£<A3£ 

the mat/erial or by sterically preventing suchy^lritra- 

molectylar interaction, e.g. by the use of spacers between 

the functional group and the rest of the material. 
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The device according to the invention is preferably 
either an out-of -plane switching or an in-plan^/ switching 
liquid crystal device. 

In an out -of -plane switching device according to the 
invention having an initial planar alignprfent, an orthogo- 
nal projection of said surface directc^r (of the liquid 
crystal bulk layer) on the confining /substrate (s) , termed 
projected surface director, present^ said preferred ori- 
entation in a geometrical plane Ln parallel with said 
substrate (s) , termed preferred planar orientation, and 
said bulk layer is directly controllable by an applied 
electric field to perform an/out-of -plane switching of 
said preferred planar oriejrttation of the projected sur- 
face director. 

In an out-of -plane /Switching device according to the 
invention having an initial vertical alignment, an or- 
thogonal projection of said surface director (of the liq- 
uid crystal bulk layer) on a geometrical plane perpen- 
dicular to said substrate (s) , termed projected surface 
director, presents said preferred orientation, termed 
preferred vertical orientation, and said bulk layer is 
directly controllable by an applied electric field to 
perform an out/~of -plane switching of said preferred ver- 
tical orientation of the projected surface director. 

In out-6f -plane switching devices according to the 
invention, the electric field is applied normally to the 
confining sfubstrate (s) (i.e. normally to the liquid crys- 
tal bulk Layer) . 

In iA-plane switching devices according to the in- 
vention, /an orthogonal projection of said surface direc- 
tor (of the liquid crystal bulk layer) on said sub- 
strate(J) , termed projected surface director, presents 
said preferred orientation in a geometrical plane in par- 
allel with said substrate, termed preferred planar orien- 
tation,! and said bulk layer is directly controllable by 
an applied electric field to perform an in-plane switch- 
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proj ected 



ing of said preferred planar orientation of 
surface director. 

In in-plane switching devices according to the in- 
vention, the electric field is applied parallel with 
the confining substrate(s) (i.e. alon^/the liquid crystal 
bulk layer) . 



2. Har kommer beskrivning av utf&rings former med olika 
tecken pa den dielektrxska aniostropin 
Opposite signs of dielectric anisotropy 

(Detta stycke motsvarar i prpiclp tidigare inlamnad an 
sokan. ) 

In a first group of embodiments of the device ac 
cording to the invention/ the liquid crystal bulk layer 
and the surface-director alignment layer exhibit dielec- 
tric anisotropies (Aeyof opposite signs. 

Fig 4 shows an embodiment of an out -of -plane switch- 
ing liquid crystal device 5 according to the invention, 
wherein surf ace-di/ector alignment layers 6 are applied 
on the inner surfaces of substrates 7 confining a liquid 
crystal bulk layjer 8. The liquid crystal bulk 8 exhibits 
a negative dielectric anisotropy (Ae < 0) and the sur- 
face-director alignment layers 6 exhibit a positive di- 
electric anisotropy (Ae > 0) . 

The molefcules (or the functional groups of the mole- 
cules) of the surface-director alignment layers 6 have in 
this embodiment an initial vertical orientation in rela- 
tion to the confining substrate surfaces 7, thus result- 
ing in vertically or substantially vertically aligned 
liquid crystal bulk molecules 8 in the field-off state t (E 
- 0) . The surface-director alignment layers 6 are also 
preferably unidirect ionally rubbed to obtain a preferred 
orientation of a field-induced planar alignment. 

It /shall be noted that even though the device 5 
shown ill Fig 4 comprises two surface-director alignment 
layers 6 (two-sided embodiment) , the device according to 
the invention may alternatively comprise, for instance, 
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only one surface-director alignment layer {'one-sided em- 
bodiment) . 

When an external electric field is/ applied (E * 0) 
normally to the liquid crystal bulk Layer 8 between elec- 
5 trodes 9 on the confining substrate/ 7, the liquid crys- 
tal bulk molecules 8 aligned vertically or substantially 
vertically will, due to their negative dielectric anisot- 
ropy, switch out-of -plane to a/field- induced planar ori- 
entation. The molecules (or functional groups of the 
ljo molecules) of the surface-director alignment layers 6 

will, however, keep their/initial verti^a j ^i^atio^ ^ 
which will be enhanced afnd stabilized by\£heir positive 
dielectric ani sot ropy J In other words, the molecules (or 
the functional groupsr of the molecules) of the surface- 
15 director alignment /ayers 6 will not switch when an elec- 
tric field is appl/ied across the layers 6, thus causing a 
strong elastic deformation D2 of the liquid crystal layer 
8 near the subs/rate surface 7. When the external field 
is removed (E r= 0) , the vertically oriented molecules (or 
2 0 functional groups of the molecules) of the surface - 

director alignment layers 6 will promote a fast relaxa- 

le field-induced planar orientation of the 
liquid crystal bulk molecules 8 back to their field-off 
vertical ybrientat ion . Thus, the elastic deformation D3 

2 5 shown irV Fig 3 is stronger than the elastic deformation 

Dl shown in Fig 1, and therefore the relaxation to the 
field-off orientation will in this case be faster than in 
the case shown in Fig 1. The comparison of Dl and D3 , re- 
spectively, is also schematically shown in Fig 5 and Fig 

3 0 6 , respectively . 

[--The liquid crystal bulk layer 8 may have a negative 
dielectric anisotropy within the range of from -6 to -1, 
and the surf ace -director alignment layer (s) 6 may have a 
positive dielectric anisotropy within the range of from 1 
35 to 30. 

Examples of surface-director alignment layer materi- 
als having a positive dielectric anisotropy, and being 



suitable in the above described embodiment, are modified 
polymers having functional groups selected among tjhe 
structures of Formulas I to V chemically bonded J^o the 
polymer main chain (Z) : 




P — R4 




Formula III 



O— R4 



Formula IV 



O — R4 




Formula V 

wherein 

R3 is a hydrocarbon chain comprising 4 to 2 0 carbon 
5 atoms (it shall be noted that the/number of carbon atoms 
may vary along the polymer main^hain) , 

R4 is an alkyl group havipfcf 1 to 5 carbon atoms, and 
Z is part of a polymer main chain. 

Instead of using a polyrner, the functional groups of 
10 formula I to V can be chemically attached, as known to 

persons skilled in the arjti, to a solid surface, such as a 
gold surface, a silicon dioxide surface or a glass 
surface comprising silanol groups, to form a suitable 
material for use as thte surface-director alignment layer 
15 according to the invention. 

Said functional/ groups of the surf ace -director 
alignment layer haying a positive dielectric anisotropy 
are preferably mesogenic groups. It is believed that it, 
in some cases, miAht be advantageous if said mesogenic 
20 groups is capably of forming a smectic liquid crystalline 
phase . 

Specific ^camples of surface-director alignment ma- 
terials having' a positive dielectric anisotropy, and be- 
ing suitable An the above described embodiment, are rep- 
25 resented by Formulas VI to VIII: 
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Formula VIII 



wherein (m+n) /o is within/the range of from 25/50 to 
5 43/14, preferably above io/20, such as 42/16, and m/n is 
within the range of frqjh 9/1 to 1/9, preferably 3/1 to 
1/3, such as 2/1. 

It shall be note6 that in an embodiment of an out- 
of -plane switching dfevice according to the invention 

10 comprising two surface-director alignment layers applied 
on substrate surfaces confining the liquid crystl bulk 
layer, and whereiA the surface-director alignment layer 
exhibit a positive dielectric anisotropy and the liquid 
crystal bulk layer exhibit a negative dielectric 

15 anisotropy, the/ dipole moments of the functional groups 
of each surf acs-director alignment layer may either have 
the same direction or opposite directions. 

Such a device having two separate alignment layers 
exhibiting the same directions of dipole moments is 

20 exemplified by a device having two separate alignment 
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layers of the material according to Formula VI (or 
Formula VII) . 

Such a device having two separate alignment layers 
exhibiting the opposite directions of dipole moments is 
5 exemplified by a device having one alignment layer of the 
material according to Formula VI {or Formula V3rl ) and one 
alignment layer of the material according t^r Formula 

VIII- / 

Examples of liquid crystal bulk lay£r materials hav- 

10 ing a negative dielectric anisotropy, said being suitable 
in the above described embodiment, are a mixture of MLC 
6608 (Ae = -4.2) and MBBA (Ae = -0,8/), a mixture of MLC 
6684 (Ae = -5.0) and MBBA (Ae = -0/8), and a mixture of 
MDA 98-3099 (Ae = -6) and MBBA {&z = -0.8), all of which 

15 are nematic liquid crystal materials supplied by Merck. 

Fig 7 shows another embodiment of an out-of -plane 
switching liquid crystal device 10 according to the in- 
vention, wherein surface-director alignment layers 11 are 
applied on the inner surf/ces of substrates 12 confining 

20 a liquid crystal bulk la^er 13. The liquid crystal bulk 

13 exhibits a positive yQielectric anisotropy (Ae > 0) and 
the surf ace -director alignment layers 11 exhibit a nega- 
tive dielectric anisc/tropy (Ae < 0) . 

The molecules /or the functional groups of the mole- 

2 5 cules) of the surf ace -director alignment layers 11 have 

in this embodiment/ an initial planar orientation in rela- 
tion to the confining substrate surfaces 12, thus result- 
ing in planar orf /substantially planar aligned liquid 
crystal bulk moajfecules 13 in the field-off state (E = 0) . 

30 The surface-director alignment layers 11 is also prefera- 
bly unidirectidhally rubbed to obtain a preferred orien- 
tation of the/ planar alignment (in field-off state) . 

It shall be noted that even though the device 10 
shown in Fig % comprises two surf ace -director alignment 

35 layers 11 ytwp-sided embodiment) , the device according to 
the invention may alternatively comprise, for instance, 
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only one surface-director alignment layer (one-s/ded em- 
bodiment) . 

When an external electric field (E * 0) As applied 
normally to the liquid crystal bulk layer vi between 
5 electrodes 14 on the confining substrates/l2 , the liquid 
crystal bulk molecules 13 aligned plana/ or substantially 
planar will, due to their positive dielectric anisotropy, 
switch out -of -plane to a field- induced vertical orienta- 
tion. The molecules (or the functional groups of the 

10 molecules) of the surf ace -directed alignment layers 11 

will, however, keep their initi/l uniform planar orienta- 
tion which will be enhanced an6 stabilized by their nega- 
tive dielectric anisotropy. Tn other words, the molecules 
(or the functional groups of the molecules) of the sur- 

15 face-director alignment layers 11 will not switch when an 
electric field is applie/ across the layers 11. When the 
external field is removed (E = 0) , the planar oriented 
molecules (or the functional groups of the molecules) of 
the surface-director /alignment layers 11 will promote a 

20 fast relaxation froraf the field-induced vertical orienta- 
tion of the liquid /crystal bulk molecules 13 back to 
their initial field-off planar orientation. Thus, the 
elastic deformati/bn D4 shown in Fig 7 is stronger than 
the elastic deformation D2 shown in Fig 2. The comparison 

25 of D2 and D4 respectively, is also schematically shown in 
Fig 8 and Fig B, respectively. 

The liquid crystal bulk layer 13 may have a positive 
dielectric arfisotropy within the range of from 1 to 30, 
and the surface alignment layer (s) 11 may have a negative 

30 dielectric inisotropy within the range of from -6 to -1. 

Examples of surface-director alignment materials 
having a negative dielectric anisotropy, and being suit- 
able in the above described embodiment, are modified 
polymers having functional groups selected among the 

3 5 structures of Formulas IX to XV chemically bonded to the 
polymer main chain (Z) : 
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Formula XII 
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R3 is a hydrocarbon chain comprising 4 to 20/carbon 
atoms (it shall be noted that the number of carbon atoms 
may vary along the polymer main chain) , 

Z is part of a polymer main chain. 

Instead of using a polymer, the functional groups of 
formula IX to XV can be chemically attache/, as known to 
persons skiled in the art, to a solid surface, such as a 
gold surface, a silicon dioxide surface /or a glass 
surface comprising silanol groups, to /orm a suitable 
material for use as the surf ace-direc/or alignment layer 
acording to the invention. 

Specific examples of surf ace-d/rector alignment ma- 
terials having a negative dielectr/ic anisotropy, and be- 
ing suitable in the above described embodiment, are rep- 
resented by Formula XVI: 



N- 



2'10 



OH 



Formula XVI 
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wherein (m+n) /o is w/thin the range of from 25/50 to 
43/14, preferably afcove 40/20, such as 43/18, and m/n is 
within the range o/ from 9/1 to 1/9, preferably 3/1 to 

1/3, such as 1/1. 

Examples of /liquid crystal bulk layer materials hav- 
ing a positive dielectric anisotropy, and being suitable 
in the above described embodiment, are E44 (Ae = +16.8), 
E9 (Ae = ???)/ and E70 A (Ae = +10.8), all of which are 
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nematic liquid crystal materials supplied by Merck 
ar As for E9)?? 
Har kommer ett tillagg avseende in -plane switching (olika 

tecken). / 
5 The embodiments shown in Fig 4 and 7 include out -of - 

plane switching liquid crystal devices eacy device com- 
prising a liquid crystal bulk layer and a/ surface- 
director alignment layer exhibiting dielectric anisot- 
ropies of opposite signs. It shall be/noted that the com- 

10 bination of a surface-director alignment layer and a liq- 
uid crystal bulk layer exhibiting /dielectric anisotropies 
of opposite signs is also applicable and advantageous for 
in-plane switching liquid crysj^al devices, even though 
the effect of a decreased degay time is more pronounced 

15 for out -of -plane switching /liquid crystal devices. Thus, 
the device according to tjie invention wherein the liquid 
crystal bulk layer and frfoe surface-director alignment 
layer exhibit dielectr/ic anisotropies of opposite signs 
is preferably an out /of -plane switching liquid crystal 

2 0 device . K orrekt ? 

Fig 10 shows /an embodiment of an in-plane switching 
liquid crystal device . . according to the invention, 
wherein surf ace/director alignment layers . . are applied 
on the inner p(irfaces of substrates . . confining a liquid 

2 5 crystal bulk/layer ... The liquid crystal bulk . . exhib- 

its a posit/ve dielectric anisotropy (Ae > 0) and the 
surf ace-diyrector alignment layers . . exhibit a negative 
dielectriZ anisotropy (Ae < 0) . 

The/molecules (or the functional groups of the mole- 

3 0 cules) of the surface-director alignment layers . . have 

in this/ embodiment an initial planar orientation, in a 
first direction, in relation to the confining substrate 
surfaces . . , thus resulting in planar or substantially 
planar aligned liquid crystal bulk molecules . . in the 
3 5 field-off state (E = 0) . The surface-director alignment 
layers . . is unidirectionally rubbed to obtain the pre- 
ferred field-off first planar orientation direction. 
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It shall be noted that even though the device 10 
shown in Fig 10 comprises two surface-director a lignment 
layers . . (two-sided embodiment) , the device m ay alterna- 
tively comprise, for instance, only one surface-director 
5 alignment layer (one-sided embodiment) . 

When an external electric field is applie d (E * 0) 
along the liquid crystal bulk layer . . (in parallel with 
the confining substrates . . ) between electr odes . . placed 
as shown in Fig 4, the liquid crystal bul k molecules .. 

10 will, due to their positive dielectric anis otropy, switch 
in-plane to a field- induced /second planar orie ntation di- 
rection along the direction^ of the appl ied field. The 
molecules (or the functio/al groups of the molecules) of 
the surface-director alignment layers . . wil l, however, 

15 keep their initial firs/ planar ori entation direction 

which will be enhanced^ and stabilized by their negative 
dielectric anisotropV. In other words , the molec ules (or 
the functional groui/s of the molecules) of the surface- 
director alignment/layers ■ . will not switch when an 

20 electric field is/applied along the layers . .. When the 
external field ij removed (E - 0) , the molecu les (or the 
functional groups of the molecules) of th e surface- 
director alignment layers ■ . having the f irst planar ori- 
entation direction' will promote a fast relaxation from 

2 5 the field- induced/' second planar orientation direction of 

the liquid (/rystil bulk molecules . . back to their ini- 
tial field-/off planar first orientation direction. 

Examp/les c/f surface-director alignment materials 
having a /egat/ive dielectric anisotropy, and being suit- 

3 0 able in tftie above described embodiment, are modified 

polymers^ having functional groups selected among the 
structures c/f Formulas IX to XV chemically b onded to the 
polymer main chain (2) . 

Instead of using a polymer, the functional gr oups of 
35 Formulas IX to XV can be chemically attached, as kn own to 
persons skilled in the art, to a solid surface, su ch as a 
gold surface, a silicon dioxide surface or a glass sur- 
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face comprising silanol groups, to for m a suitable mate- 
rial for use as the surface-director alig nment layer ac- 
cording to the invention. 

Specific examples of surface-director/ a lignment ma- 
5 terials having a negative dielectric anisotropy , and be- 
ing suitable in the above described embodime nt, are rep- 
resented by Formula XVI 

Examples of suitable liquid cr/stal bulk layer mate - 
rials having a positive dielectric/ anisot ropy, and being 
10 suitable in the above described Embodiment, are E44 (As = 
+16.8), E9 (As = ???) , and E70 A (As = +10.8), all of 
which are nematic liquid crystal mate rials supplied by 
Merck. 

Another embodiment of/an in-plane switc hing liquid 
15 crystal device according /to the invention is a device 
comprising a liquid cry/tal bulk exhibiti ng a negative 
dielectric ani sot ropy /[As < 0) and su rface-director 
alignment layers exhibiting a positive dielectric ani sot 
ropy (As > 0) . 

2 0 Examples of surface- director alignment materials 

having a posit ive /dielectric anisotropy, and being suit- 
able in the abov£ described embodiment, are modified 
polymers having /functional groups selecte d among the 
structures of formulas XVII to XXVIII chemicall y bonded 

2 5 to the polymer main chain (Z) : 
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CN 



Formula XVII 



R1- 





Formula XXII 
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R1— O 




R3 



R1— O 



Formula XXIII 




R3 



Formula XXIV 



0— R4 




R3 



CN 
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Formula XXV 



R1- 




R3 




CN 
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Formula XXVI 



wherein 



Rl is an a Iky I 




y-fflFOup comprising 2 to 12 



10 carbon atoms . Ar detta/korrekt??? (Ej explicit angrivefc av 
Bertil . ) 

R3 is a hydrocarbon chain' comprising 4 to 2 0 carbon 
atoms (it shall be noted that the number, of carbon atoms 
may vary along the ypolymer main chain) , 
15 R4 is an alkyl group having 1 to 5 carbon atoms, and 

Z is part of /a polymer main chain. 

Instead of using a polymer, the functional groups of 
formula I to XII /can be chemically attached, as known to 
persons skilled /in the art, to a. solid surface, such as a 
2 0 gold surface, eJ silicon dioxide surface or a glass sur- 
face comprising silanol groups, to form a suitable mate- 
rial for use as the surface-director alignment layer ac- 
cording to the invention. 
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Specific examples of surface-director alignment ma- 
terial having a positive dielectric anisotrop^, and be- 
ing suitable in the above described embodiment; are rep- 
resented by Formulas Har ni nagra speciffika exempel??? 
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Examples of liquid crystal bulk laygr materials hav- 
ing a negative dielectric anisotropy, apd being suitable 
in the above described embodiment, ary a mixture of MLC 
6608 (Ae - -4.2) and MBBA (Ae = -0.8)/ a mixture of MLC 
6(6^4 (As = -5.0) and MBBA (As = -0.8Q, and a mixture of 
MDA 98-3 099 (As = -6) and MBBA (Ae/= -0,8) , all of which 
are nematic liquid crystal materials supplied by Merck- 
Ska det vara MZtG~6&&4~ ellez^MLc/ 6884^( vilket var angivet 
i Johans mail ang exakt anisottropivarde) ♦ . ?? 

3. Har kommer beskrivning a& utforings former med samma 

tecken pa den dielektrisky aniostropin A£y^ t >^>/^), 

Same sign of dielectric atiisotropy (Nytt avsnitt!) 

In a second group ox embodiments of the device ac- 
cording to the invention, the liquid crystal bulk layer 
and the surf ace-direcj/or alignment layer exhibit dielec- 
tric anisotropies (AsQ of same sign. Said device is pref- 
erably an in-plane ^witching liquid crystal device. 



Fig 11 shows afn embodiment of a in-plane switching 
liquid crystal device . . according to the invention, 



wherein surface-director alignment layers . . are applied 
on the inner surfaces of substrates . . confining a liquid 



crystal bulk layer 



Both the liquid crystal bulk 



and the surf ace-Zdirector alignment layers . . exhibit 



positive diel 
The mole 



ecj 



:ric anisotropies (As > 0) . 

es (or the functional groups of the mole- 



cules) of the /surface-director alignment layers have 
in this embodiment an initial planar orientation, in a 



first direct/ion, in relation to the confining substrate 
surfaces . thus resulting in^he^^n^^ly or substan- 



txally homfegeneously aligned liquid crystal bulk mole- 
cules . . in the field-off state (E = 0 ) . The surface- 
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director alignment layers . . are unidirect ionally rubbed 
to obtain the preferred field-off first planar orienta- 
tion direction. 

It shall be noted that even though the dev/ce 
5 shown in Fig 11 comprises two surf ace-directoy alignment 
layers . . (two-sided embodiment) , the device/according to 
the invention may alternatively comprise, £6r instance, 
only one surface-director alignment layer/ (one-sided em- 
bodiment) , 

10 When an external electric field iff applied (B * 0) 
along the liquid crystal bulk layer /. (in parallel with 
the confining substrates .,) betweei/ electrodes placed 
as shown in Fig 11, the liquid crystal bulk molecules « : 
will, due to their positive dielectric anisotropy, switch 
15 in-plane to a field-induced second planar orientation di- 
rection along the direction of/ the applied field, 
^ The molecules (or f unctj/bnal groups of the mole- 
cules) of the surf ace-direcgor alignment layers will, 
also switch in-plane to a /ield- induced second orienta- 
2 0 tion direction due to the/lr positive dielectric anisot- 
ropy when an electric f^feld is applied along the layer 
and in parallel with tfrye confining substrates . . . The in- 
plane switching molecules (or functional groups of the 
molecules) of the surface -director alignment layers . . 

2 5 will promote a fast Switching from the field-off first 

planar orientation direction of the liquid crystal bulk 
molecules . . to thefir field-induced second planar orien- 
tation direction, /rhus, the switching of the liquid crys- 
tal bulk molecules to the field- induced o rienta 

3 0 rection wall in thxs case be faster, than the m-p 

switching of a prfior art liquid crystal device having a 
non-switching surface director alignment layer (shown in 
Fig 3) . In this (context, it shall however be noted that 
the surface-director alignment layer of the device ac- 
35 cording to the invention does not induce the in-plane 
switching o f the liquid crystal bulk molecules, which 
themselves are directly controllable via dielectric cou- 



w^w ^tat; j ^on fli- 



pling. The surface-director alignment layeiVmerely fa- 
cilitates said in-plane bulk switching, For^att py'angtera 
skillanden gentemot ECS. 

The liquid crystal bulk layer . . may have/a positive 
dielectric anisotropy within the range of from 1 to 30, 



and the surface-director alignment layer (s) 
positive dielectric anisotropy within the 



may have a 
of from 1 



range 



to 3 0 

It is believed to be advantageous/if the positive 
0 dielectric anisotropy of the surface^flirector alignment 
layer (s) is higher (more positive) , /preferably much 
higher, than the positive dielectrac anisotropy of the 
liquid crystal bulk layer, K orrejtt? ( Inte angivet da 
olika tecken. ) 

5 Examples of surface-dire</tor alignment layer materi- 

als having a positive dielec/ric anisotropy, and being 
suitable in the above described embodiment, are modified 
polymers having functional groups selected among the 
structures of Formulas Xffll to XXVIII chemically bonded 
0 to the polymer main chain (Z) . 

Instead of using A polymer, the functional groups of 
formula I to XII can /be chemically attached, as known to 
persons skilled in t/he art, to a solid surface, such as a 
gold surface, a sij/icon dioxide surface or a glass sur- 
face comprising sj/lanol groups, to form a suitable mate- 
rial for use as the surface-director alignment layer ac- 
cording to the invention. 

Specific examples of surface-director alignment ma- 
terial having ej positive dielectric anisotropy , and be- 
ing suitable ifl the above described embodiment, are jrep- 



resented by Fc 


tfrmulas ...:??? Har ni naara svecifika em- 


pel? , 
In an inJ 


plane switching liquid crystal device, ac- 


cording to thi 


s invention, having a surface-director 



alignme nt layer and a liquid crystal bulk layer exhibit- 
ing dielectric anisotropies of same sign, it may be ad- 
vantageous to use two electrode gJafei arranged so that 

Afu\* f AvV\i V\\r\\ \X\h\f) 
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38 u^tuio Ui Qrf-> 



the electric field obtainable 



•khe flyst/ elect rode 



pa^ur is substantially perpendicular to %fee electric field 
obtainable between- fche- second electrode ^Brank/. In this em- 
bodiment both the switching and the relaxajnLon of the 
5 liquid crystal bulk molecules occur in tfye presence of an 
applied electric field, and a short response time is eas- 
ily attainable > Korrekt?? Vill ni ha mdd detta? 

Another embodiment of an in-plai>e switching liquid 
crystal device according to the invention, is a device 
10 wherein both the liquid crystal bylk layer and the sur- 
face-director alignment layer (s) /exhibit negative dielec- 
tric anisotropies (As < 0) . WheX an external electric 
field (E * 0) is applied along^ the liquid crystal bulk 
layer (i.e. in parallel with/the confining substrates), 
the liquid crystal bulk molecules will, due to their 
negative dielectric anisojnropy, switch in-plane from a 
field-off first planar orientation direction to a field- 
induced second planar orientation direction perpendicular 
the direction of the applied electric field. 

The molecules (c/r functional groups of the mole- 
cules) of the surface-director alignment layers will, 
also switch in-plafte from a field-off first planar orien- 
tation direction po a f ield-induced second orientation 
direction due to/their negative dielectric anisotropy 
when an electri<£ field is applied along the layer and in 
parallel with t/he confining substrates. The in-plane 
switching molercules (or functional groups of the mole- 
cules) of the/ surface-director alignment layers will thus 
promote a fait switching from the field-off first planar 
orientation /direction of the liquid crystal bulk mole- 
cules to thfeir field-induced second planar orientation 
direction. Thus, the switching of the liquid crystal bulk 
molecules to the field-induced orientation direction will 
in this case be faster than the in-plane switching of a 
corresponding prior art liquid crystal device having a 
non- switching surface director alignment layer. Also in 
this case, it shall be noted that the surface-director 
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alignment layer of the device according bo the invention 
does not induce the in-plane switching of the liquid 
crystal bulk molecules, it merely facilitates said 
switching . / 

The liquid crystal bulk layer in this embodiment may 
have a negative dielectric anisotropy within the range of 
from -6 to -1, and the surface alignment layery(s) may 
have a negative dielectric anisotropy within ythe range of 
from - 6 to -1 . 



10 It is believed to be advantageous if /the negative 

dielectric anisotropy of the surface-director alignment 
layer (s) i-s—Xowe-r (more negative), preferably much lower, 
than the negative dielectric anisotropy of the liquid 
crystal bulk layer, JCorreJct? (Inte a/ngivet da olika 

15 tecken. ) 

Examples of surf ace-directoa/ alignment materials 
having a negative dielectric an/sotropy, and being suit- 
able in the above described embodiment, are modified 
polymers having functional gyoups selected among the 

2 0 structures of Formulas IX tyO XV chemically bonded to the 
polymer main chain (Z.) . 

Instead of using a polymer, the functional groups of 
formula IX to XV can be/chemically attached, as known to 
persons skilled in the/art, to a solid surface, such as a 

2 5 gold surface, a silicon dioxide surface or a glass sur- 

face comprising silanol groups, to form a suitable mate- 
rial for use as the/ surface-director alignment layer ac- 
cording to the invention. 

Specific examples of surf ace -director alignment ma- 

3 0 terials having a /negative dielectric anisotropy, and be- 

ing suitable in nzhe above described embodiment, are rep- 
resented by Formula XVI. 

Examples of liquid crystal bulk layer materials hav- 
ing a negative dielectric anisotropy, and being suitable 
3 5 in the above described embodiment, are a mixture of MLC 
6608 (Ae a -4.2) and MBBA (As = -0.8), a mixture of MLC 
6684 (As = -5.0) and MBBA (As m -0.8), and a mixture of 
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MDA 98-3099 (Ae = -6) and MBBA (As = -0.8), all of which 
are nematic liquid crystal materials supplied by Mgrck. 

4. Har kommer beskri vning av utforings former mecy olika 
5 tecken pa den dielektrlska aniostropin inom oryenter- 
ingsskiktet 

Regions of the surface-director alignment lafrer exhibit- 
ing opposite signs of dielectric anisotropy 

In a third group of embodiments of t)ae device ac- 
10 cording to the invention; the surf ace -director alignment 
layer comprises ^fwig - exhibiting dielectric amsot- 
ropies (As) of opposite signs. This type of device, pref- 
erably an in-plane switching liquid /crystal device, is 
believed to provide a short decay tefime as well as a short 
15 rise time. $h^c^'^ 

It is believed that said y4gA«ea-s exhibiting dielec- 
tric anisotropies (Ae) of opposite signs preferably 
. ^V 7 should be homogeneously distr/buted in the surface- ^ 
^ director alignment layer. ??/> Ar detta troligt? ''^^ • 

v Jfrj 2 0 A surf ace -director alignment layer comprising 

^ g-jjoas exhibiting dielectrjfe anisotropies (Ae) of opposite 
A ^ \y signs is obtainable using, for instance, materials com- 

^V. ^ prising dimeric chemica/ structures having a first struc- 

^^v, 1 tural part of posit ive/dielectric anisotropy (As > 0) and 

2 5 a second structural p^rt of negative dielectric anisot- 
ropy (Ae < o) . ^IVyWA., Shw>iaej> yfi^'i\5le. o^jl or 

Examples of surface-director alignment materials " 
having a first structural part of positive dielectric * 
anisotropy and a afecond structural part of negative di- 

3 0 electric anisotropy, and being suitable in the above de- 
scribed embodiment , are modified polymers having func- 
tional groups fleeted among the structures of Formulas 
XXIX chemically bonded to the polymer main chain (2) : 




10 



R1 




As < 0 



wherein 



Rl is an alkyl oa& 




y group comprising 2 to 12 



carbon atoms, iTorre-kt ??? 

R3 is a hydrocarbon /fchain comprising 4 to 20 carbon 

ato.ms (i,t fghalj. ,be notegr that t he number of carbon atoms 

> bf> AtlnttOf'nUjyuAfed f 

may azaa^ al-fang the polymer main chain) , Korrekt??? 

R5 is a hydrocarbon chain of 6 to 2 0 carbon atoms, 
an ethylene glycol oligomer of 3 to 5 units or a 
polysiloxane , and 

Z is part of d polymer main chain . 

Instead of usfing a polymer, the functional groups of 



15 formula XXI can bfe chemically attached, as known to per 



sons skilled in £he art, to a solid surface, such as a 
gold surface, a/silicon dioxide surface or a glass sur- 



face comprising? silanoi groups, to form a suitable mate- 
rial for use a£ the surface 
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Examples / 

A liquid crystal display glass substrate/having a 
thickness of 1.10 mm was used. One side of the substrate 
had an ITO (indium tin oxide) layer (electrode material) 
with a surface resistance of 80 Q/cm 2 . The glass was cut 
into pieces with a size of 9,5 X 12,5 yftm, and the edges 
were grinded. / 

The substrates were then washed several times in 
distilled water in an ultra-sonic/bath, dried and then 
washed two times in isopropanol J The substrates were 
thereafter moved into a clean-/oom. 

The ITO side of the subs/rates was spin coated with 
a surface-director alignment/ layer material, dissolved in 
THF to a concentration of /bout 0.1-0.5%. The speed was 
3000-4000 rpm and coating/ was performed during 30 
seconds . / 

After coating, thar substrates were heated for 
approximately 5-10 minutes at a temperature of 125°C. 
Then the substrates were set to cool . 

The applied surf ace -director alignment layer, on top 
of the ITO layer, was buffed with a velvet cloth. All 
substrates were buffed in the same direction.' When the 
cell was put together, one substrate was rotated 180° , 
thus making the buffing direction parallel in the cell. 

Two substrates were put together to a cell using UV- 
glue (Norland WOA68) , and spacers at two edges. The cell 
was then put u/nder pressure in a UV- exposure box for 15 
minutes. / 

Small eLectric cords were ultra-sonically soldered 
to each ITO-surface of the cell. 

A nematic bulk liquid crystal material was 
introduced ifnto the cell in isotropic phase by means of 
capillary fprces . 
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Example 1 : Out-of -plane switching liquid cr ystal device 
having an electrically stabilised vertical alignment 
layer 

The ITO side of the substrates was coateQ, as 
5 described above, with a polymer material according to 
Formula VI wherein (m+n) /o is 42/16 and m/n is 2/1. It 
shall be noted, however, that any one of/ the structures 
according to Formula I to VIII may be jised in this 
embodiment . 

10 The polymer layer (about 100 npf) was rubbed 

unidirectionally very lightly to d/hduced a small pretilt 
of the side mesogenic groups of /he polymer, and the cell 
was thereafter assembled* 

The sandwich cell (cell g^p about 3 |xm) was then 

15 filled with the nematic mixture MBBA/MLC6608 (Merck, 
Germany), 60/40 wt%, exhibiting As < 0, 

In this cell, the polymer layer acts as a surface- 
director alignment layer i 

The alignment of tiie cell after cooling to room 

20 temperature was inspected by means of a polarising 
microscope and it was/ found to be uniform vertical. 

The response riyse and decay times were measured in a 
set-up comprising a/polarising microscope, a photo- 
detector, an oscilloscope and a puis generator. 

25 The electro-^ptic response of the cell with vertical 

alignment, under/application .of unipolar impulses with 
low frequency (pout 1 Hz) , is depicted in Fig 9 . At a 
voltage (U) of 9 . 2 V, the measured rise and decay time 
were about 2 aftd 4 ms, respectively. Thus, the measured 

30 decay time is /about 5-10 times shorter than the decay 
time usually /neasured in out -of -plane switching liquid 
crystal cells with an initial vertical alignment. 

Example 2 : Out-of -plane switching liquid crystal device 
35 having an electrically stabilised planar alignment layer 
The ITO side of the substrates was coated, as 
described above, with a polymer material according to 



Formula XVI wherein (m+n) /o is 43/18 and m/n is 1, It 
shall be noted, however, that any one of the structures 
according to Formula IX to XVI may be used in thy& 
embodiment . / 

The polymer layer (about 100 nm) was rubbed 
unidirectionally to ensure uniform planar alignment of 
the side mesogenic groups of the polymer, and the cell 
was thereafter assembled. / 

The sandwich cell (cell gap about j& \sxc\) was then 
filled with the nematic mixture E7 (BBH, UK) exhibiting 
As > 0 . / 

In this cell, the polymer layex acts as a surface- 
director alignment layer. / 

The alignment of the cell attter cooling to the room 
temperature v/as inspected by m/ans of a polarising 
microscope and it was found to be uniform planar. 

The rise and decay time's were measured in a set-up 
comprising a polarising microscope, a photo-detector, an 
oscilloscope and a puis generator. 

The electro-optic response of the cell with planar 
alignment, under application of unipolar impulses with 
low frequency (about y Hz), was found to be about 0 - 5 ms 
and 4 ms for rise ana decay times, respectively. 



More Examples ??? 



CLAIMS 



1. A liquid crystal device including a liquid crys- 
tal bulk layer presenting a surface director at a bulk 
surface thereof, and a surface-director alignment layer 
arranged to interact with the bulk layer at/ said bulk 
surface for obtaining a preferred orientation of the sur- 
face director of the bulk layer, characteris- 
ed in that the liquid crystal bulk layer and the sur- 
face-director alignment layer each are( directly control- 
lable by an electric field via dielectric coupling. 

2. A liquid crystal device acrcording to claim 1, 
wherein the liquid crystal bulk /ayer and the surface- 
director alignment layer exhibi/ dielectric anisotropics 
(As) of opposite sign. / 

3. A liquid crystal deyice according to claim 1, 
wherein the liquid crystal /bulk layer and the surface- 
director alignment layer efxhibit dielectric anisotropies 
(As) of same sign. / 

4. A liquid crystal device according to claim 1, 
wherein the surf ace-ditector alignment layer comprises 
p*rgs«©^s exhibiting dielectric anisotropies (As) of oppo- 
site signs. / 

5. A liquid crystal device according to claim 2 fur- 
ther comprising at /least one confining substrate, and 
wherein an orthogonal projection of said surface director 
on said substrate,/ termed projected surface director, 
presents said preferred orientation in a geometrical 
plane in parallels with said substrate, termed preferred 
planar orientation, and said bulk layer is directly con- 
trollable by an applied electric field to perform an out- 
of -plane switching of said preferred planar orientation 
of the projected surface director. 



6. A liquid crystal device according to claim 2 fur- 
ther comprising at least one confining substrate, and 
wherein an orthogonal projection of said surface director 
on a geometrical plane perpendicular to said substrate, 
termed projected surface director, presents said pre- 
ferred orientation, termed preferred vertical orienta- 
tion, and said bulk layer is directly controllable by an 
applied electric field to perform an out-of -plane switch- 
ing of said preferred vertical orientation of the pro- 
jected surface director. 

7. A liquid crystal device according to claim 5 or 
claim 6, wherein the electric field is applied normally 

to said at least one confining substrate. 

/ 

8. A liquid crystal device according to claim 3 and 
4 further comprising at least/ one confining substrate, 
and wherein an orthogonal projection of said surface di- 
rector on said substrate, ifermed projected surface direc- 
tor, presents said preferred orientation in a geometrical 
plane in parallel with s4id substrate, termed preferred 
planar orientation, and said surf ace -director alignment 
layer and said bulk l/yer are directly controllable by an 
applied electric field to perform an in-plane switching 
in the surface-director alignment layer and an in-plane 
switching of said preferred planar orientation of the 
projected surface /director. 

9. A liquid/crystal device according to claim 8, 
wherein the eledtric field is applied in parallel with 
said at least one confining substrate. 

10. A liquid crystal device according to any one of 
claims 1-9, wherein the liquid crystal bulk layer com- 
prises a nematic liquid crystal. 
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11. A method for manufacturing a liquid crystal de- 
vice comprising the steps of: / 

providing a surface-director alignment laye£ on an 
inner surface of at least one substrate, and / 
5 sandwiching a liquid crystal bulk layer l&etween two 

substrates, said liquid crystal bulk layer presenting a 
surface director at a bulk surface thereof /and being di- 
rectly controllable by an electric field Xria dielectric 
coupling, and said surface-director alignment layer being 
10 arranged to interact with the bulk lay/r at said bulk 

surface for obtaining a preferred orientation of the sur- 
face director of the bulk layer, / 

characterised in /said surface alignment 
layer being directly controllable/by an electric field 
15 via dielectric coupling. / 

12. A method of controlling a liquid crystal bulk 
layer comprising the step of /aligning a liquid crystal 
bulk layer presenting a surface director at a bulk sur- 

20 face thereof by use of a surface-director alignment layer 
arranged to interact with /the bulk layer at said bulk 
surface for obtaining a r/referred orientation of the sur- 
face director of the bu/k layer characterised 
in that the liquid crysftal bulk layer and the surface- 

25 director alignment laVer each are directly controllable 
by an electric field /via dielectric coupling. 
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Abstract / 

The invention relates to a liquid crystal dfevice in 
eluding a liquid crystal bulk layer and a surface- 
director alignment layer each being direct ly/controllabl 
by an electric field via dielectric coupling, and thus 
resulting in a decreased total time period (rise and de- 
cay times) needed to switch and relax t*ie liquid crystal 
bulk molecules in response to an appLied external field. 

The invention also relates to a: method for manufac- 
turing a liquid crystal device and/ a method of control- 
ling a liquid crystal bulk layer/ 



Figure elected for publication: Fig 3 



